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Abstract 

The main dynamical mechanisms of the reaction 7r~p — > ciQ(980)n — > 7T°i]n at high 
energies, currently investigated at Serpukhov and Brookhaven, are considered in detail. It 
is shown that the observed forward peak in its differential cross section can be explained 
within the framework of the Regge pole model only by the conspiring p<i Regge pole 
exchange. The tentative estimates of the absolute ir~p — > a[j(980)n — > 7T°r]n reaction 
cross section at P{ ab = 18 GeV/c are obtained: a ~ 200 nb and, in the forward direction, 
dcr/dt~ 940 nb/GeV 2 . The contribution of the one pion exchange, which is forbidden by 
G-parity and which can rise owing to the /q (980) — Oq(980) mixing, is also estimate. A role 
of the Regge cuts in the non-flip helicity amplitude is briefly examined and a conclusion 
is made that the contributions of the cuts have to be inessential in comparison with the 
conspiring p 2 Regge pole exchange. 

PACS number(s): 13.85.-t, 11.80.Cr, 12.40.Gg 
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1 Introduction 



In the gg-model (q is a light quark), every rotational excitation with the orbital angular 
moment L consists of four nonent: states 2S+1 Lj = 3 L^_i, 3 Ll, and 3 Ll+i with charge- 
parity C = (— 1) L+1 and state 1 L L with C = (— 1) L . However, so far there is a white spot 
in the lower-lying family with L = 2 [1]. The non-strange members of the 3 D2 nonet with 
the quantum numbers I G (J PC ) = l + (2 ) and 0~(2 ), i.e. the p2, 0U2, and $2 mesons 
(the masses of which are expected near 1.7 and 1.9 GeV [2-4]), are not yet identified 
as peaks in corresponding multi-body mass spectra [1]. The discussions of the possible 
reasons of this unusual situation are contained, for example, in Refs. [3,4]. However, 
the mass distributions are not unique keepers of the information on the resonances. The 
resonance spectrum is also reflected in the Regge behavior of the reaction cross sections 
at high energies. At present the detailed investigations of the reaction n~p — > 7c r]n at 
Pf ah pa 40 and 18 GeV/c are carried out respectively at Serpukhov [5,6] and Brookhaven 
[7]. The 7c°r] mass spectrum in this reaction is dominated by the a[j(980) and 03(1320) 
mesons [5-7]. In this connection, we should like to draw a special attention to the reaction 
n~p — > aQ(980)n — > 7r°r)n because its differential cross section near the forward direction 
can be dominated by the Regge pole exchange with the quantum numbers of the "lost" 
P2 meson. In general, this reaction is unique in that it involves only unnatural parity 
exchanges in the t-channel. 

The purpose of this paper is to describe in detail the main dynamical mechanisms of 
the reaction n~p — > a[j(980)n — > TT r]n in the Regge region. The paper is organized as 
follows. In Sec. II, we present the reggeization of the s-channel helicity amplitudes of the 
reaction 7i~p — ► aQ(980)n and show that, in the framework of the Regge pole model, the 
observed forward peak in its cross section [7] can be explained by a very interesting and 
fine phenomenon such as conspiracy between the P2 trajectory and its daughter one. For 
the first time, the P2 Regge trajectory was introduced (at that time it was named Z) for 
the explanation of the absence of a dip near the forward direction in pQ Q da/dt(ir~p — > uon) 
[8-10]. However, the nontrivial reason why the P2 Regge pole contribution in the s-channel 
amplitudes without helicity flip in the nucleon vertex and with zero helicity of the u meson 
do not vanish at t — 0, i.e. conspiracy of the Regge poles in 7i~p — ► un, did not discuss 
at all in Refs. [8-10]. Notice that, for the similar cases, the necessary type of conspiracy 
was known [11-14] well before the works [8-10]. Here we make up this omission by the 
example of the reaction n~p — ► a[j(980)n. We present also the tentative estimate of the 
-R~p — ► a[j(980)r2 — > n°7]n reaction cross section []at P[ ab = 18 GeV/c: a pa 200 nb and in 
the forward direction da /dt pa 940 nb/GeV 2 . In Sec. Ill, we remind one more interesting 
feature of the reaction n~p — > a[j(980)ri — > 7i-°rjn associated with the /q(980) — a[J(980) 
mixing [15] and estimate the contribution of the one pion exchange which is possible owing 
to this mixing. In Sec. IV, the role of the Regge cuts in the non-flip helicity amplitude is 
briefly discussed. In Appendix, the conspiracy phenomenon is explained by the example 
of the elementary p 2 exchange. 



1 Often the normalization of the reaction events turns out to be a complicated problem. Probably 
in this connection, the experimental information on the absolute cross section of the reaction ir~p — > 
o,Q(980)n — > Tr°r)n is so far absent. 
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2 Reaction tt p —> a[j(980)n at high energies in the 
Regge pole model 

The s-channel helicity amplitudes of this reaction can be written as: 

M XnXp = u Xn {p 2 ) l5 -A - i 7 "( gi + q 2 ) fl B u Xp ( Pl ) , (1) 

where q±, p±, q 2 , and p 2 are four-momenta of n~, p, a(j, and n respectively, \ p and X n 
are the proton and neutron helicities, A and B are the invariant amplitudes depending 
on s = (p\ + q\) 2 and t = (q\ — q 2 ) 2 and free of kinematical singularities [16]. Using 
normalization uu = 2itln and taking the proton and the neutron as "second particles" 
[17] we obtain that, in the cm. system, 



M ++ = -M__ = COs(fl/2) \AyZ-tmin ~ B^~t max S 



M. 



+- 



+M_+ = sin(0/2) AV-t max - ByJ-t min s 



(2) 
(3) 



where 6 is scattering angle, t m i n and t max are the values of the variable t at 6 = 0° and 
180° respectively, sin(0/2) = [-(* - t min )/4|gi| l^l] 1 / 2 , and 



da _ 1 
dt 647rs|<fi| 2 



\M_ 



(4) 



Eqs. (2) and (3) have the most simple form at high energies. Taking into account that A 
and B at fixed t and s ^> m 2 N behave like s a and s Q_1 respectively (see below) and also 



L mvn ~ 



m N( m2 ao -mlf/s 2 and t r 



-s, we get 



M. 



++ 



tmin) A • 



(5) 



The helicity amplitudes in the t-channel cm. system F XpXn corresponding to the 
reaction 7r~a{] — > have the form 



F ++ = = v^A + v a ° —B , 



F + _ = +F_ + = 2\q t \\p t \sine t B 



B , 



(6) 



(7) 



In these equations, the a{j(980) meson and neutron are taken as "second particles", 9 t is 
scattering angle, \q t \ and \p t \ are the absolute values of the momenta of the particles in the 
initial and final states respectively, cos 9 t = (s — u)/4\q t \ \p t \, u = 2m 2 N + m 2 ao +m 2 — s — t; 
the equation $(s,t,u) = gives the boundary of the physical region. It is obvious, from 
Eqs. (6) and (7), that the helicity amplitudes 



G 



++ 



\/tF. 



++ 



and 



G 



!®(s,t,u) 



+- 



B 



(8) 



are free of kinematical singularities. Their reggeization can be performed by the usual 
way [18,19]. 
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Constructing the helicity amplitudes with definite parity [18] 

CgL = G XpXn [l ± ^(-l)^-*-^"^!] /2 , (9) 

we obtain that, because of the difference of the intrinsic parities of the 7r and ao mesons, 
i] n and i] ao , the amplitudes G^J. and G^l identically vanish and thus G ++ = C++ and 
G + _ = Consequently, both amplitudes G ++ and G + _ have unnatural parity as it 

must be since each state of the 7ia system with angular moment J has parity P nao = 
(— 1) J+1 . It follows from the parity conservation condition P ?n = (— 1) L+1 = P^, where 
L is angular moment of the pn system, that L = J both for the singlet pn spin state 
and for the triplet one. The amplitudes G + _ and G ++ correspond to the triplet and 

singlet (because C++ = — G ) pn configurations respectively. The G-parity conservation 

condition (—l) L+s+I = (_i) J + s '+ 1 — where S and I are spin and isospin of pn, gives 
that in the triplet (singlet) state only even (odd) values of J are possible. The partial 
wave expansions of G ++ and G + _ are [18]: 

G ++ = £ (2J + l)/i.P J (oosfl t ), G + _= £ (2J + l)tf_ ^ (00Sgt) . (10) 

.7=1,3,... J=2,4,... JJ(J+1) 



Thus, the amplitude G ++ has to contain the Regge pole exchanges with I — 1, G — +1, 
signature r = — 1, and "naturality" rP = —1. The high-lying Regge trajectory with such 
quantum numbers is the b\ trajectory (the well-known &i(1235) meson is its lower-lying 

representative). The second independent amplitude G H has to contain the Regge pole 

exchanges with I — 1, G — +1, r = +1, and rP = —1 and here the p 2 Regge trajectory 
is a leading one. Taking into account Eqs (10), the contributions of the b\ and p 2 Regge 
pole exchanges in the physical region of the s-channel can be written as 

(o \ Ctl, (t) / „ \ Ctp 2 (t) — 1 

-) ie-^iW/ 2 , G p + 2 _ = P P2 (t)(-) ? (n) 

where /3(t), oc(t), and complex factors are residues, trajectories and signatures of the 
corresponding Regge poles, and so — 1 GeV 2 . For compensation of the nonphysical 



branch points in G + _ connected with l/yj J( J + 1) [see Eq. (10)], the factor yJ(J+ 1) 
has been extracted from f+_ [12]. 

Let us return to Eqs. (6) - (8) and express the invariant amplitudes A and B in terms 
of G ++ and 

A = j [G ++ - m N (m 2 o - ml) , (12) 

B = G + _ . (13) 

To avoid the 1/t singularity in the invariant amplitude A [see Eq. (12)], it is necessary 
to complement the reggeization scheme by the conditions on the behavior of the various 
contributions to G\ p \ n as t — > 0. Let us attempt to satisfy the analyticity of A assuming 
the hi and P2 exchanges only and also that the amplitudes C++ and G+L do not vanish 
as t — > 0. Then, substituting Eq. (11) to (12) and going to the limit t — 0, we obtain two 
relations: 

a 6l (0) = a P M - 1 , p bl (0) = m N (m 2 () - m 2 ) /3 P2 (0) , (14) 

the first of which is rather silly because, at the usual values of 0:^(0) ~ —(0.05 -r- 0.3) 
[8-10,20], it requires a P2 (0) ps 0.95 0.7 (also, for the linear p 2 trajecrory with the slope 
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a' ~ 0.8 4- 1 GeV 2 , it predicts the p 2 mass m P2 1.02 4 1.27 GeV). For the p2 trajectory 
heaving unnatural parity, this is evidently ruled out. In fact, we conclude that there is 
no way to make so that the residue of the b\ exchange in Eq. (11) would be finite at 
t — 0. Of course, in order for the amplitude A to be regular for t —>■ 0, one can accept 
that the amplitudes G++ and G+_ are separately proportional to t. f\ In this case, the 
amplitude B in Eq. (13) and amplitude M ++ in Eq. (5) caused by the p 2 exchange 
are also proportional to t. Then from Eqs. (5) and (4), it follows immediately that, for 
bi and p 2 Regge pole exchanges, da/dt ~ |t| at small \t\. Thus this Regge pole model 
predicts a dip near the forward direction in the n~p — > a[jn reaction cross section. On the 
contrary, the experiment [7] shows a clear forward peak. This means that the amplitude 
M ++ with the quantum numbers of the p 2 exchange in the t-channel does not vanish as 
t — > 0. In the framework of the Regge pole model, this can be attended only in the case 
of a conspiracy of the p 2 Regge trajectory with its daughter one (d), which has to have 
the quantum numbers of the b\ exchange. Let us written down the contribution of such 
daughter trajectory near t = in the form 

-j ze-^W/ 2 . (15) 

Then, the amplitude A should be regular at t — [see Eq. (12)] if the following relations 
for the p 2 , d and b± exchanges are valid: 

a d (0) = a P2 (0) - 1 , p d (0) = m N (m 2 aQ - ml) (3 P2 (0) , 3 (16) 

/3 P2 (0)^0, (3 bl (t)~t. (17) 

Now neither the amplitude B [see Eqs. (11), (13), and (17)] nor the amplitude M ++ in 
(5) vanish at t — 0. Moreover, asymptotically (at large s) M ++ is dominated by the p 2 
trajectory [(see Eqs. (5), (11) and (13)] and M + _ is dominated by the b\ trajectory [(see 
Eqs. (5), (11), (12), (15), and (16)]. As for the daughter trajectory contribution and 
the non-asymptotic contribution of the p 2 trajectory (which behaves as ~ s a P2(*) _1 ) to 
the amplitude A and consequently to M + _ then they can be neglected at all [see Eqs. 
(5), (11), (12), (15), and (16)]. Thus, on the one hand, a role of the daughter trajectory, 
in practice, comes to only the fact that the residue of the leading p 2 Regge pole f3 P2 {t), 
owing to a conspiracy [see Eqs. (16) and (17)], does not vanish when t — > and can be 
parametrized, for example, by the simplest exponential form: (3 P2 {t) = — 7 P2 exp(6° 2 t)/so- 
At the same time, the residue of the bi Regge pole in Eq. (11) has to be proportional 
to t [see Eq. (17)] and can be parametrized, for example, as: /^(t) = £7^ exp(6° l £)/y / s^. 
In our normalization, the constants 7 P2 and 7^ are dimensionless. On the other hand, if 
the daughter trajectory is parallel to the p 2 trajectory (as, for example, in the Veneziano 
model) then, near 1.7 GeV, it should be expected a state with the b\ meson quantum 
numbers, which can be searched for in the aovr, ujtt, and A 2 7t channels. 

2 Using for binao and biNN interactions the effective Lagrangians L(6i7ra ) ~ jjfbi and L(biNN) ~ 
j p bi, where jjf = (q\ — 52)^ and jff — £t(j>2)75 (P2 —Pi)^{pi), one can easily verify that the contribution 
of the elementary b\ exchange to the amplitude G ++ for the reaction Tt(q%) + 00(92) — > N(pi) + N(p2) 
turns out to be really proportional to t. 

3 The detailed explanation of the conspiracy phenomenon by the example of the elementary pi ex- 
change is contained in Appendix. 
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Thus, in the model with the b\ and conspiring p 2 Regge poles, the s-channel helicity 
amplitudes given by Eq. (5) can be written in the following form convenient for fitting to 
the data: 

(o \ Ctp 2 (0) 
— e -i*a n (t)/2 ^ ( lg ) 

SnJ 



M + _ 



^~{t- train) /S Q T^M* (-) % e~^H^ , (1 9 ) 

where = or(0) + &r(s) = b° R + a' R \n(s / s Q ) , R designates a Reggeon. Let us 



point out, as a guide, that 0^(0) ~ —0.22 and a P2 (0) ~ —0.3 for ps a' p2 ~ 0.8 GeV , 
m bl ps 1.235 GeV, and m P2 ps 1.7 GeV. Using Eqs. (4), (18), and (19), we get that, at 
large s, 



da 1 



dt 167TS 2 



2a„?(0) /+ . _+\ / e \Hi(0) 

P2W , / Wn M 2 2buJsM S \ 1 



(20) 



According to the Brookhaven data at P^ 6 ~ 18 GeV/c [7] the t distribution for events 
of the reaction n~p — > aQ(980)n — > 7r°r]n is strongly peaked in the forward direction 
(see Fig. 1). These data are fitted very well for — t min < — t < 0.6 GeV 2 by the single 
exponential form: 

dN/dt(n-p -> a°(980)n -> ^V) = C e A * . (21) 

The best fit (with \ 2 ~ 15.9 for 22 degrees of freedom) is obtained with A = 4.7 GeV -2 
and C = 129 events/GeV 2 . It is shown in Fig. 1 by the solid curve. Unfortunately, 
the Serpukhov data on da/dt(7r~p — > a[](980)n) at 40 GeV/c are not yet presented. It is 
known only that, in the n r] invariant mass region 1 < m 1T o v < 1.2 GeV and for —t min < 
—t < 0.5 GeV 2 the differential cross section da/dt(ir~p — > Tx Q r]n) has a similar peak in 
the forward direction [5]. Obviously, the Brookhaven data are described formally by the 
single amplitude M ++ with the p 2 exchange [see Eqs. (18) and (21)]. However, within 
±(10 — 20)% experimental uncertainties in dN/dt [7], the form (21) can be effectively 
reproduced for —t m i n < — t < 0.6 by means of Eq. (20) where the b\ contribution should be 
also different from zero. The fit to the data [7] to the form dN/dt = C\ exp(A x t) + (t min — 
t)C 2 exp(A 2 t) with d = 131 events/GeV 2 , A 1 = 7.6 GeV" 2 , C 2 = 340 events/GeV 2 , and 
A 2 = 5.8 GeV -2 gives ax 2 ~ 15.9 for 20 degrees of freedom, and the corresponding curve 
is practically the same as the solid curve in Fig. 1. The dashed and dotted curves in Fig. 
1 show the p2 [Ciexp(Ait)] and b\ [(t min — t)C 2 exp(A 2 t)] contributions separately, with 
the latter yields approximately 34% of the integrated cross section. In order to determine 
rather accurately the parameters of the simplest Regge pole model given by Eqs. (18) - 
(20), the good data on da/dt{-K^p — > aQ(980)n) at several appreciably different energies 
are needed. First of all, we have in mind the energies of the 7r~ beams at Serpukhov 
(ps 40 GeV), Brookhaven (ps 18 GeV) and KEK (ps 10 GeV). Notice that, according to 
the estimate a ~ (s) 2a ~ 2 with a ps —0.3, the a°(980) production cross section at KEK 
should be approximately 36 times as large as one at Serpukhov. 

So far the experimental information on the absolute values of the ir~p — > a[j(980)n — > 
7r°7]n cross section is absent. Nevertheless, in order to have an idea of this cross section, 
we shall estimate a{ii~p — > a(](980)n — > 7r r]n) at P£ ab = 18 GeV/c using the data on 
the reaction n~p — > a2(1320)n and the Brookhaven data on the n°r] mass spectrum in 
ir~p — > ir r]n. According to Refs. [21,5] 

a(n-p -> a°(1320)n) = 18.5 ± 3.7 , 12.3 ± 2.5 , 2.7 ± 1.0 and 0.395 ± 0.080 fib (22) 
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at P t n ab = 12, 15, 40 and 100 GeV/c respectively. These data are fitted quite well by the 
exponential function: 

a(n-p -> a°(1320)n) w 1.62mb[P£ 6 /(lGeV/c)]- L8 . (23) 

Then at 18 GeV/c, a(-K^p — > <22(1320)n — > TT i]n) ps 1.29 /x6 (here we have taken into ac- 
count that -B(a2(1320) — > 7T77) PS 0.145 [1]). Fig. 2 shows the Brookhaven data (corrected 
by the registration efficiency) on the 7r°r] mass spectrum in the reaction 7i~p — > 7r°i]n at 
18 GeV/c [7]. According to our estimate the ratio A(a (980))/A(a 2 (1320)) w 1/6 - 1/7, 
where -/V(a (980)) and -/V(a 2 (1320)) are the numbers of events, respectively, in the a (980) 
and a2(1320) peaks above background. Thus, one can expect that, at P[ ab = 18 GeV/c, 
a(ir-p -> a° (980)n -> n°rjn) ps 200 nb and also [da/dt(ir~p -> a°(980)n -> 7rV0]t«o ~ 
940 nb/GeV 2 according Eq. (21) with A = 4.7 GeV~ 2 . We emphasize that these estimates 
are rather tentative. 



3 One pion exchange in n p — > a[j(980)n — > 7r ?7n 



It is now interesting to estimate the contribution to this reaction of the reggeized one 
pion exchange (OPE), which is forbidden by G-parity. The corresponding cross section 
has the form: 



da(° PE ^ 
dtdm 



1 



ITS' 



a 2 
An 



(t — m 2 ) 2 



A), 



(24) 



where g 2 NN /A-K ps 14.6, m is the invariant mass of the ir°r] system, p W7T = (1 — 4m 2 /m 2 ) 1 / 2 , 
b n (s) = 6° + a^ln(s/s ), a^. ps 0.8 GeV 2 . This contribution arises owing to the / (980) — 
<2q(980) mixing violating isotopic invariance. The / (980) — a[j(980) mixing phenomenon 
and its possible manifestations in the various reactions (for example, in 7r ± A — > 7i°r]N) 
were considered in detail in the works [15]. Therefore, here we give only the numerical 
estimates the absolute value of the OPE contribution at the Brookhaven and Serpukhov 
energies. 

Recall that the cross section of the reaction forbidden by G-parity 7r + 7r~ — > 7i°r] [see 
Eq. (24)] is determined mainly by the transitions / (980) -> {K + K~ + K°K°) -> a°(980) 
and, in the region between the K + K~ and K°K° thresholds, which has a width of 8 
MeV, it can be on the average from 0.4 to 1 mb [15]. Outside the region 2m K + < m < 
2rriK0 o"(7r + 7r~ — > 7T°77) drops sharply. The mentioned uncertainty in the estimate of 
a(7T + 7T~ — > 7r°?7) reflects the spectrum of the model assumptions which were made by 
many authors for the determination of the coupling constants of the / (980) and do (980) 
resonances with the nn, KK and ni] channels (see details in Refs. [15,22]). Note that the 
value of a(ir + iT~ — > TT°r]) between the K + K~ and K°K° thresholds is controlled mainly 
by the production of ratios {g 2 foK+K - / g% n+n -){g 2 a o K+K - / g 2 a()7Tri ) [15], where the coupling 
constants g determine the corresponding decay widths of the scalar mesons, for example, 
mr /o7r+7r -(m) = (^J ()ff+ff _/167r)p ww and so on. 

Taking these remarks into account and integrating Eq. (24) over m from 2m^+ to 
2m K o, we get 



d<r(° PE ) 
It 



12 - 30)nb 



. (t-ml)* _ 



(25) 
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at Pi ab = 18 GeV/c and approximately five times smaller at P[ ab = 40 GeV/c. For the 
reactions with the one pion exchange, a typical slope in the considered energy region is: 
A 7r (= 2b n (s)) (5 — 7) GeV~ 2 . Then, the integral of the function confined in brackets in 
Eq. (25) over t turns out to be approximately equal 1. Hence we have a ( - OPE ^ £s (12 — 30) 
nb at 18 GeV/c. This is (6 - 15)% of our estimate, crfr-p -> a[j(980)n -> vrV) « 200 nb, 
obtained at the end of Sec. II. Due to a smallness of the ir meson mass, the da^ OPE ydt is 
enhanced for small \t\ [about (85 - 90)% of the integrated cross section a^ OPE ^ originate 
from the region < — t < 0.2 GeV 2 ]. At the maximum situated near t ~ — m 2 , 

{d<j( OPE ^/dt)te_ m 2 « (122 - 305)nb/GeV 2 . (26) 

It can make up from 13 to 32.5% of [da/dt(n^p — > aQ(980)n — > TT°rjn)} t ~o which has been 
roughly estimated to be 940 nb/GeV 2 at 18 GeV/c (see the end of Sec. II). 

Thus, the violating G-parity OPE contribution is able to play a quite appreciable 
role in the formation of the peak in da/dt(n~p — > a[j(980)n — > 7i r]n) near the forward 
direction. Note that the features of the interference between the n and b\ exchanges 
in the amplitude M + _ were discussed in some detail in Ref. [15]. To extract uniquely 
the amplitude M + _ which can be dominated in the low \t\ range by the "forbidden" 
Ti exchange, a polarized target and a measurement of the neutron polarization in the 
reaction n~p — > a[j(980)n — > 7T r]n are necessary. It is also desirable to measure the charge- 
symmetric reaction n~n — > a[j(980)p — > 7T r]p in which the /q(980) — a{](980) interference 
has to have opposite sign [15]. 

4 Contributions of the Regge cuts 

The Regge cuts, just like the conspiring p 2 Regge pole, can give a nonvanishing contributi- 
on to the amplitude M ++ for t — > 0. Generally speaking, it is difficult to distinguish 
the contributions of the conspiring poles and cuts. However, the standard numerical 
estimates (such as below) show that in the considered reaction the Regge cuts have to be 
insignificant. 

First of all, we carry out a classification of the two-Reggeon cuts contributing to the 
amplitude M ++ of the reaction ir~p — > a[j(980)n. According to Ref. [23], the signature 
of the cut is given by r c = tit 2 , where Ti and r 2 are the signatures of the Regge poles 
associated with the cut. The signature of the amplitude M ++ is positive and therefore the 
Ti and r 2 must be equal. Then, it is found that the two-Reggeon cuts associated with the 
Regge poles having the equal and opposite "naturalities" (tP) have a principle different 
behavior as t — > 0. Parity conservation gives that the cuts with (tiPi)(t 2 P2) = —1 do not 
vanish as t — > [24]. Among these are the a 2 7i~, pb±, and ua\ cuts and also the Pp 2 cut, 
where P is the Pomeron. The cuts with (tiPi)(t 2 P 2 ) = +1 give vanishing contributions 
to M ++ as t — > (they turn out to be proportional to t) [24]. In this group, the pp and 
a 2 a 2 cuts are leading at large s. 

The amplitude of the two-Reggeon cut associated with the R\ and R 2 Regge pole 
exchanges can be calculated in the absorption model approximation by the formula [25- 
27]: 

M " (S ' t) = skl d2kL £ 9 - £0 M ^ cd (s, k ± ) , (27) 
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that is, considering the R1R2 cut contribution as a process of a double quasielastic rescat- 
tering. In Eq. (27), k± and q are the momenta transferred from the particle e to the 
particle c and from a to c respectively, q 2 ~ — i, the intermediate states e and / represent 
stable particles or narrow resonances. The accumulated wide experience of the work with 
the two-Reggeon cuts shows that reasonable estimates can be obtained considering the 
contributions of the simplest (lowest-lying) intermediate states. The calculation methods 
of the two-Reggeon cuts are well known (see, for example, Refs. [25-27,19,24]). There- 
fore, omitting details, we go at once to the discussion of the final results. All these are 
concerned with Pj* b =18 GeV/c. 

Begin with the a 2 it cut. Taking into account in Eq. (27) the low- lying nn intermediate 
state, we get the following contributions of the a 2 ir cut to the (da/dt) t ^o and integral cross 
section a of the reaction n~p — > <2Q(980)n — > 7r°r]n: 

( da^ \ _ I(ml(b a2 +K)) (ldo%\ (m^d^_\ 

V dt )t*o 47r|fo a2 + M 2 \t dt ) t ^\t dt) t ^~ 

« 25 (nb/GeV 2 ) E(a°(980) -> irrj) , (28) 

a a2W « 3.4 (nb) 5(a°(980) -> nn) . (29) 

Here bn = &_r — ma' R /2 (the argument s of the slope b R is omitted from this moment), 
da%f/dt is the part of the n~p — > rjn differential cross section caused by the a 2 Regge pole 
exchange with a helicity-flip in the nucleon vertex, da^ /dt is the differential cross section 
of the reaction nn — > aQ(980)n — > n°r]n caused by the 71 Regge pole exchange. According 
the Fermilab data on n'p -> nn [28], [(l/t)dal 2 f /dt] t ~ « 555 fib/GeV 4 , b a2 » 4.18 
GeV -2 , and a4 2 « 0.8 GeV -2 (a a2 (0) « 0.371). For the reaction with the 7r exchange, 
[K/t)Ax7^o = ^(^ 2 ^/167r)exp(-26 w m 2 ) J B(a°(980) - ttt?), where g^/lfa = 

Faow m °-o/Pvv and /V = [(! _ ( m »? _ m ^) 2 / m l Q ){ 1 ~ ( m v + m ^) 2 / m l )] 1/2 ■ According 
the Particle Data Group [22], the width r aoJ?7r can be from 50 to 300 MeV. We use its 
maximal value. Then, q 2 „^/16n ~ 0.454 GeV 2 . Also we assume that a' ~ 0.8 GeV -2 and 
b n « 3.5 GeV -2 . The factor I{m\ (b^+K)) in Eq. (28) has the form \l+z exp(z)Ei(-z)\ 2 , 
where z = m 2 (b a2 + b^) and Ei{—z) is the integral exponential function. Here we have 
J(m 2 (6 a2 +^))^0.55. 

Because 5(a[j(980) — > nn) < 1, then Eqs. (28) and (29) give, respectively, less 
than 2.7% and 1.7% of the expected values [da/dt(n~p — > ag(980)n — > 7r°?7?7,)] t ~o ~ 940 
nb/GeV 2 and <j(n~p — > <2Q(980)n — ► n°r]n) ~ 200 nb []. Even though we magnify these 
numbers by an order of magnitude (attributing the enhancement to the contributions 
of the other intermediate states), all the same they would be appreciably smaller of the 
expected values. 

Turn to the pb\ cut. The contribution of the low-lying 7r~p intermediate state is 
convenient- ly represented in the following form: 



fda pbl \ 1 (Ida 



p ■• 

hf 



\ dt Jt^o 4n\b p + b bl \ A \t dt 



4 bib 



2u2 




* \bp + h 



" '" a p sf a h < 0.5 nb/GeV , (30) 



4 Note that the aq.n cut contribution to da/dt has a minimum around t w —0.4 GeV 2 and decreases 
by approximately 54 times over the range of t from to —0.4 GeV 2 . However, experimentally da/dt falls 
by a factor of 6.5 in this i-range and has not the minimum [see Eq. (21)]. 
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where a p h ^ is the 7r~p — > 7r~p cross section with the proton helicity-flip caused by the p 
Regge pole exchange, a bl is the cross section of the reaction ir~p — > aQ(980)n — > 7r°?pz 
associated with the 61 Regge pole exchange. The limitation (30) has been obtained in 
terms of the following inequalities: o p h ^ < a(n^p — ► n°n)/2 « 12.5 pb [29], <7 bl < a(n^p — » 
ag(980)n -> vrV) « 200 nb, b 2 p b\J\b p + 6 6l | 4 < 1/16. Thus, the p&i cut contribution 
should be considered whole as very small. 

The uja\ cut is more difficult to estimate because there appear the amplitudes with 
the a\ Regge pole exchange which are directly unobservable by experiment. Consider the 
contributions of two simplest intermediate states p~p and b^p. At the expense of the b\p 
intermediate state, we have 

(do u \ t 'da ai \ 1 &,.,&„, .. - 

< 

(31) 

where a w and a ai are cross sections of the reactions 7r~p — ► b\p and 5j~p — ■> a[}(980)n — > 
7r°rjn with the a; and a\ Regge pole exchanges respectively (there are not helicity-flip in 
the nucleon vertices and the intermediate b~[ meson has in the main helicity zero [30]). 
a u « [a(n + p -> + a(n'p -> - -> 6?n)]/2 « 20 //b [29-31]. To estimate 

<r ai one can virtually be guided by only the data on the reaction n~p — > p°n at 17.2 GeV/c 
[32]. The exchanges with the a% quantum numbers make up approximately 4% of this 
reaction cross section (« 20% in the amplitude), i.e., ~ 2.5 pb [33]. To obtain the estimate 
(31), we have use a rough assumption: a ai (bip — > a^n) « er ai (7r _ p — > p°n). Similarly, 
one can obtain for the contribution of the p~p intermediate state with the transverse 
polarized p~ meson that (da wai /dt) t ^ < (a" a ai / An) « 7.5 (nb/GeV 2 ) J B(a°(980) -> vrrp), 
where a w ~ [a(7r + p — > p + p) + a(n^p — > p~p) — a(n~p — > p°n)]/2 ~ 15 pb [29,34] and, for 
the p~p — > do(980)n reaction cross section with the ai exchange, we take simply the same 
2.5 pb as just above. A relative sign of the p~p and 6j~p intermediate state contributions 
is unknown. As a result for the ua\ cut, we have a very rough limitation: 

(da" ai /dt)te < 35 (nb/GeV 2 ) 5(a°(980) -> nrj). (32) 

As mentioned above, the contributions of the pp and a 2 a2 cuts to M ++ vanish as 
t — ► 0. However, the absorption corrections to these contributions, i.e., the ppP and 
g^g^P cuts, are finite as t —>■ f\ The estimates of the ppP and a 2 a 2 P cut contributions 
to [da/dt(iT~p — > giq(980)72 — ► 7r°77n)] t ~o, quite similar done above, show that each of ones 
does not exceed by itself 2 nb/GeV 2 , that is, very small. Moreover, a strong compensa- 
tion between the pp and 0202 cuts (and analogously between ppP and a 2 a 2 P cuts) takes 
place within the framework of the p — 02 exchange degeneracy hypothesis because the 
productions of the Regge pole signature factors for these cuts are opposite in sign. 

As for the Pp 2 cut, the absorption correction of this type accompany any Regge pole 
exchange. In the cases that the pole contributions do not vanish as t — > (beyond general 
kinematic and factorization requirements), these corrections are effectively unimportant 
at least for the description of the differential cross sections. The reactions n~p — > 
and 7r~p — > rjn give classical examples of this situation. At small \t\ and in a wide energy 
region, the differential cross sections of these reactions are described remarkably well by 
a simple Regge pole model with the linear p and a 2 trajectories [28,35]. 

5 Formulae for the such type cuts were obtained in Ref. [24]. 
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5 Conclusion 



We have considered the main dynamical mechanisms of the reaction n~p — > a{j(980)n — > 
7r°r]n at high energies and shown that the observed peak in its differential cross section 
in the forward direction can be explained within the framework of the Regge pole model 
only by a conspiracy of the p 2 trajectory with its daughter one. Notice that there realizes 
another type of conspiracy in the well known cases of the reactions 7p — > 7i + n and pn — > np 
(in which the corresponding peaks in the forward direction are usually described in terms 
of the Regge cuts [19,25,27]) than in the reaction n~p — > aQ(980)n [12]. We have also 
obtained the estimates of the ir~p — > a,Q(980)n — > ir°nn reaction cross section at Pf ab = 18 
GeV/c and of the OPE contribution which can be caused by the /q (980) — <2q(980) mixing. 
Examining the Regge cut contributions to the non-flip helicity amplitude, we have come 
to conclusion that they have to be inessential in comparison with the conspiring p 2 Regge 
pole exchange. 

Certainly, it would be very interesting to find some signs of the p 2 state and its daughter 
state with the b\ meson quantum numbers, for example, in the a 7r, um, and A 2 n mass 
spectra around 1.7 GeV in the reactions induced by n T mesons or in NN annihilation. 
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Appendix 

Let us explain a conspiracy phenomena by example of the elementary p 2 exchange in 
the reaction rr(q 1 ) + a (q 2 ) — > p 2 (<?) — ► N(pi) + N(p 2 ). The effective Lagrangians for the 
p 2 7ra and p 2 NN interactions can be written as (we omit the coupling constants) 

L(p 2 na,) = j>f , C = Q,Qu (33) 



L(p 2 NN) = j>f , j% = fz(p 2 ) 757 (7 M P, + luPMPi) , (34) 



1 

'4 

where P = p 2 -pi, Q = ?i-? 2 , q = <?i + g 2 = Pi+p 2 (PQ = s—u, Pq = 0, Qq = m\-m 
q 2 = t). The helicity amplitudes of the process 7r~a[j — > p 2 — > pn are then 



ao ' 



= V^ n Q»'Q»' , (35) 

where 

Vg Xn = u A >2)75|(7^ + YP>xM) , (36) 

111 2 

n^^v = 2 7 W 7r *" / + -^iiv'^vii! - T^ixvKrfv' , ^fiu = Q^v - q^qu i 'm P2 . (37) 
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Off mass shall (q 2 ^ ™ 2 P2 )i the tensor n^v/ is not the spin-2 projection operator but 
contains the contributions of the lower (daughter) spins. In the case of coupling to non- 
conserved tensor currents, these daughter contributions appear in the physical amplitudes. 
In the case under consideration, the elementary p 2 exchange with spin 2 is accompanied 
by the spin-1 contribution only (the spin-0 contribution is uncoupled to the NN system 
because it has the exotic quantum numbers I G (J PC ) = l + (0 )). Using the relation 
j pv g^ u = and j p B v q tx q v = 0, Eq. (35) can be rewritten in the form 



f\p\n = *ApA„ O _ O V ^ ' y 6S ) 



where the tensors 
and 



P p)up'u' = + 9 + Qpvqvqp,' + O^q^] (40) 

are the spin-2 and spin-1 projection operators respectively [36] [(P^) 2 = P^ 2 \ (P^) 2 = 
P^\ P^ v = 5, P^J 1 " = 3]. The spin-2 and spin-1 parts of the elementary p 2 exchanges 
give the contributions to the amplitudes F + _ and F ++ respectively. This immediately 
follows from an explicit form of the angular and threshold behaviors of these amplitudes. 



+- 



fclWcosfcainft s -J*^ JL^L , (41) 



t~m 2 p2 V t 



F ++ = 4|£||p t | cos£ t m »(<-<) s (^-«W(<-m^) 

Both amplitudes are singular as £ — > as l/Vi". Now we go from the amplitudes F + _ 
and F ++ given by Eqs. (41) and (42) to the amplitudes G ++ and G + _ [see Eq. (8)]. 
Substituting C++ and G + _ to Eq. (12), we see that, owing to the compensation between 
these helicity amplitudes having different quantum numbers, the \jt singularity in the 
invariant amplitude A is cancelled out: 



A= l - 

t 



G ++ - m N (m 2 - ml) G 



a 

= mU\ oos9 t mN{ < - ml) ( \ + -LJ) = m N(m 2 -ml) 

t \m 2 p2 t-m 2 p J t-m 2 p2 m 2 2 

It takes place automatically since the conspiracy condition, 

C++ = m N (m 2 ao - ml)G + _ at t = , (44) 

for the elementary p 2 exchange is exactly fulfilled. The froward peak in da/dt is provided 

by the second invariant amplitude B = G H = —(s — u)/(t — m 2 2 ), which, as seen, does 

not vanish at t — [see Eqs. (4) and (5)]. As for the contribution of the amplitude A to 
da/dt then it is an s times smaller at large s and therefore it can be neglected [see Eqs. 
(43), (5) and (4)]. 
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Figure captions 

Fig. 1. The t distribution for the reaction -n~p — > ag(980)n — > TT°r]n — > A^yn at 18 
Gev/c measured at Brookhaven [7]. The fits are described in the text. 

Fig. 2. The 7i°r] mass spectrum for the reaction n~p 7i r]n — > A'yn at 18 Gev/c 
measured at Brookhaven [7]. 
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Fig. 2. 



